INTRODUCTION
The Drosophila nasuta subgroup of the immigrans species group consists of more than 10 species and subspecies, therefore, this subgroup is well suited for the study of the genetics of speciation. Members of the D nasuta subgroup are widely distributed from the Pacific Ocean to Africa, through South-east Asia and the Indian Oceans areas (Kitagawa et al, 1982) . This subgroup is comparable to the widlistoni species group as subjects for the study of speciation mechanisms. However, a conspicuous difference exists between these 2 groups: the former are island populations, whereas the latter are continental. This distinction may produce a fundamental difference in their mode of speciation.
For the study of the speciation mechanisms, analyses of genetic differentiation at the first step of speciation processes among closely related taxa should be instructive. D nasuta and D albomicans are very closely related species. Sajjan and Krishnamurthy (1972) and Rajasekarasetty et al (1979) regard D albomicans as a subspecies of D nasuta. However, there is a striking difference in karyotypes between the two. The basic karyotype of this group is 1V + 2R + 1D (ie, 2n = 8), yet from among all members of this group, only D albomicans has 2V + 1D (2n = 6), a result of fusions of the third and the sex chromosomes (Wakahama and Kitagawa, 1972; Wakahama et al, 1983 ).
D nasuta had been collected in the Seychelles, Madagascar, Maurituis, Reunion, India and the east coast of Africa, mainly by one of the authors (Kitagawa). David and Tsacas (1981) (Wilson et al, 1969; Wakahama et al, 1983; Hatsumi, 1987 (Inoue and Kitagawa, 1974; 1975) 
Sex ratio
The number of male and female progeny (õ' /( õ' + 9 ), produced on standard medium, were recorded from samples of all crosses over the 3 generations. All experiments were carried out at 25 ± 1°C.
RESULTS

Insemination rate
A total of 6 480 females were dissected to examine sexual organs for the presence of sperm. The results are shown in Table 1 . All the intra-population crosses showed high insemination rates, except for CNX, which showed only a 50% insemination. In the intra-specific crosses of D nasuta, most values did not differ significantly from the parental values, except that the F 2 generation of MBA 9 x SEZ d'showed a significantly higher rate, and the F 1 of MBA 9 showed a lower rate than the midparent value, comparing confidence limits about means. In 17 combinations out of 54 inter-specific generation combinations, significantly lower insemination rates were observed, especially in the F 1 and F 3 generations.
Hatchability
The results are shown in Table II . In total, 135 949 eggs were counted to estimate the hatchability, from which 112 969 eggs hatched. The average hatchability in the parental strains was 91.8%. In the intra-albomicans crosses, 3 cases of hybrid breakdown were detected among 18 crosses. In the intra-nasuta crosses, all 6 2nd-generation crosses had higher values than the parental strains, 3 of which were significant. No hybrid breakdown appeared in any generation.
In the crosses of albomicans 9
x nasuta d, no hybrid vigour was observed and the number of breakdown crosses increased with the generations: 2 in the 1st, 6 in the 2nd, and 9 (all) in the 3rd-generation crosses had lower hatchability. In the crosses of nasuta 9 x albornicans d', 2 out of 9 crosses in the F 1 generation showed hybrid breakdown, 3 out of 9 in the F 2 generation, and all 9 in the F 3 generation showed significant hybrid breakdown. Thus, the results for hatchability were approximately the same in the reciprocal crosses.
Pre-adult viability
In total, 21600 eggs were sampled from which 11618 flies emerged (Table III and Fig 2) . In contrast to the hatchability, the original strains apparently carried different mutations affecting larval mortality. The average viability was only 68.6% in the original strains. The value of the CNX strain was considerably lower (34.7%).
From the intra-albomicans and intra-nasuta crosses, significant vigour appeared in the intra-nasuta 2nd-and 3rd-generation crosses (8 crosses out of 12). Among the inter-specific crosses, significant breakdown appeared in the 2nd-and 3rd-generations of albomicans 9
x nasuta d'(8 and 6 crosses out of 9, respectively). Tables IV and V . On average, a female of the original strain laid 20.4 eggs per day, from which 12.6 flies emerged.
For egg productivity in the intra-albomicans crosses, both hybrid vigour and breakdown appeared in every generation. In the intra-nasuta crosses, 5 crosses out of the 6 second-generation crosses showed hybrid vigour, averaging 29.4 eggs/female/day.
x nasuta d, hybrid vigour appeared more frequently than breakdown in the 1st and 2nd generation, but hybrid breakdown was frequently shown in the 3rd generation. In the crosses of nasuta 9 x albomicans (T , hybrid breakdown appeared in 5 crosses out of the 9 third-generation crosses. In productivity, hybrid breakdown was clear in the inter-specific 3rd generation of both sets of reciprocal crosses.
The number of progeny produced in the intra-albnmicans crosses indicate vigour in 3 cases of the Ist-and 3rd-generation crosses each, and hybrid breakdown occurred in 3 second-generation crosses and in 1 of the third-generation crosses. In the intra-nasuta crosses, all 6 crosses showed hybrid vigour in the 2nd generation.
x nasuta d , hybrid vigour appeared in the 1st generation (6 cases out of 9), and hybrid breakdown was seen in the 2nd (8 out of 9) and the 3rd generations (6 out of 9). In the crosses of nasuta 9
x albomicans (!, all 9 cases showed significant hybrid breakdown in the 3rd generation. In general, the results of progeny productivity were similar to those of egg fecundity. (Vetukhiv, 1954 (Vetukhiv, , 1956 Brncic, 1954 Brncic, , 1961 Orr, 1987) and in D melanogaster (Wallace, 1955 (Table V) .
In all crosses of D natusa 9
x D albimocans d in the F 3 generation, the numbers of progeny decreased significantly. These results support the conclusion that D nasuta and D albomicans have different co-adapted genetic systems. The hybrid breakdown in the F 3 generation is partly attributed to the major karyotype difference between the 2 species (Sato et al, 1977) .
Hybrid breakdown in pre-adult viability was detected in the F 2 and F 3 generations of the crosses of D albomicans 9 x D nasuta d and also observed in the F l and F 3 generations in the reciprocal crosses. In the former case, the F l flies had 2n = 7, and abnormal segregation of chromosomes in meiosis of the F 1 males should be the main source of genetic imbalance (Sato et al, 1877 Tables II and III. The degree to which embryonic death contributes to pre-adult mortality of F l , F 2 and F 3 generations in all 36 combinations of crosses is shown in Table VI. The proportion of embryonic mortality to total mortality in inter-specific hybrids steadily increased with generations. The intra-specific crosses of D albomicans show a similar pattern of increasing embryonic mortality with generations, but to a lesser degree than the inter-specific crosses. This pattern suggests that geographic populations of D albomicans have achieved substantial genetic divergence, perhaps to the level of semispecies. The inter-specific and intra-albomicans pattern of embryonic mortality is not evident among D nasuta inter-locality crosses.
Moreover, significant hybrid breakdown was observed in pre-adult viability of the F 1 and F 3 generations of CNX 9
x OKA I the F 2 and F 3 generations of CNX 9 x FOR d' , and in the F 1 generation of FOR Q x OKA c3' ; whereas, in the intranasuta crosses, hybrid breakdown was seen only in the F 1 generation of MBA 9 x KDY d' . Sex-ratio distortion of hybrids (the reduction of males) was quite different among 3 strains of D albomicans (OKA, FOR and CNX) in the F 2 generation of albomicans 9
x nasuta cr crosses. This is further evidence of differentiation at the genic level among albomicans strains. The population located farthest from the distribution border of D nasuta, the OKA population of D albomicans, showed an extreme sex-ratio distortion in the F 2 generation; the next farthest population, the FOR, was the next in the degree of distortion. The CNX population, located nearest to D nasuta, showed a normal sex ratio (similar to intra-nasuta crosses). These observations support the following conclusion: the 3 populations of D albomicans (OKA, FOR and CNX) are undergoing primary subspeciation. However, further studies are necessary to determine the specific genetic differences between D nasuta and D albomicans, and among the geographic populations of D albomicans.
